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Antlribltol-teichoic acid antibody (ARTA) in diagnosis of deep 
seated Staphylococcus aureus infections. 



Ayyaqari Pal N . 

Department of Medical Microbiology, Postgraduate Institute of Medical 
Education & Research, Chandigarh. 

Antiribitol-teicholc acid antibody (ARTA) was detected in sera 
of 30 out of 50 patients (60%) with various acute deep seated 
Staphylococcus aureus infections and 5 out of 10 chronic 
osteomyelitis cases, whereas none of the sera from 50 
patients with superficial Staphylococcus aureus infections as 
well from 50 patients without Staphylococcus aureus 
infections showed antibody response (p less than 0.01). This 
test is a definite advantage in diagnosis of deep seated 
staphylococcal infections like endocarditis, lung disease, 
meningitis and specially in osteomyelitis cases where 
organisms cannot be isolated and therefore helps in predicting 
the need for long term antimicrobial therapy. 

PMID: 1818853 [PubMed - indexed for MEDLINE] 



http://www.ncbi.nlm.nih.gov/entrez/queiy.fcgi?db==pubmed&cmd=Retrieve& 10/31/06 



Record Display Form 



Page 1 of 1 



DOCUMENT-IDENTIFIER: US 4460575 A 

TITLE: Vaccinal complex containing a specific antigen and vaccine containing it 



Brief Summary Text (109): 

Among the gam positive bacteria, teichoic and lipoteichoic acids are roughly the equivalent of LPS 
among the gram negatives. These teichoic acids are generally polyribitolphosphate or 
polyglycerolphosphate. They are specific antigens often having an advantageous vaccinal ability. 
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Staphylococcal teichoic -acid antibodies . 
Martin R R; Greenberg S B; Wallace R J 
Lancet (ENGLAND) Mar 31 1979, 1 (8118) p731, ISSN 0140-6736--Print 
Journal Code: 2985213R 
Publishing Model Print 
Document type: Letter 
Languages : ENGLISH 
Main Citation Owner: NLM 
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Cell walls, peptidoglycans , and teichoic acids of Gram-positive 
bacteria as polyclonal inducers and immunomodulators of proliferative and 
lymphokine responses of human B and T lymphocytes. 

Rasanen L; Arvilommi H 

Infection and immunity (UNITED STATES) Feb 1982, 35 (2) p523-7, 
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Document type: Journal Article 
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In this . study the mitogenic and immunomodulating effects of bacterial 
cell wall preparations were investigated. Cell walls, peptidoglycans, and 
teichoic acids from Bacillus subtilis and Staphylococcus aureus Wood 45 
activated both human T cells (supplemented with 10% monocytes) and B cells 
to proliferate and to produce leukocyte-inhibitory factor. Similar results 
were obtained with adult and umbilical cord blood cells, suggesting that 
these bacterial preparations were acting as mitogens. Cell walls and 
peptidoglycans had a modulating effect on purified protein derivative- or 
protein A-induced proliferation. In the presence of suboptimal 
concentrations of these stimulants, bacterial components enhanced the 
proliferative response. However, at optimal cjoiicent-ra-t-i-on'S"^f purified 
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Microbiology Congresses. 

Description: v. 28 cm. 

Continues: American Society for Microbiology. Bacteriological proceedings 

Continued by: American Society for Microbiology. General Meeting. Abstracts of the ... General Meeting of the 
American Society for Microbiology 



CollecHon 

Biotechnology and Chemical Library 
Biotechnology and Chemical Library 



Ck)py/Holdlng information 

Call No. Copy Status 

QR1.A2 1985 C.1 Non-Circ. 

QR1.A2 1990 c.1 Non-Circ. 



http://sticcat:8080/ipac20/ipac.jsp?session=llX2X063227B2.4356&profile=pto&uri=li^^ 10/31/06 



00913348 

LIPOTEICHOIC ACID IMMUNOGENIC COMPOSITIONS AND METHODS OF MAKING AND 
USING THEREOF 

COMPOSITIONS IMMUNOGENIQUES D'ACIDE LIPOTEICHOIQUE ET PROCEDES DE 
PREPARATION ET D 'UTILISATION ASSOCIES 

Patent Applicant/Assignee: 

U S ARMY MEDICAL RESEARCH AND MATERIEL COMMAND, 504 Scott Street, Fort 
Detrick, MD 21702-5012, US, US (Residence), US (Nationality), (For all 
designated states except: US) 
Patent Applicant/Inventor: 

DRABICK Joseph J, 1505 Castle Cliff Place, Silver Spring, MD 20904, US, 
US (Residence), US (Nationality), (Designated only for: US) 
Legal Representative : 

ARWINE Elizabeth (agent), U.S. Army Medical Research and Materiel 

Command, Staff Judge Advocate Office, Attn: MCMR-JA, 504 Scott Street, 
Fort Detrick, MD 21702-5012, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200245742 A2-A3 20020613 (WO 0245742) 

Application: WO 2001US28217 20010910 (PCT/WO US0128217) 

Priority Application: US 2000231959 20001209 
Designated States: 
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Publication Language: English 
Filing Language: English 
Fulltext Word Count: 7844 

LIPOTEICHOIC ACID IMMUNOGENIC COMPOSITIONS AND METHODS OF MAKING AND 
USING THEREOF 

Fulltext Availability: 
Detailed Description 
Claims 
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0344360 DBR Accession No. : 2004-16652 PATENT 

Treating staphylococcal infection in patient, involves instilling into 
the nares of patient, composition comprising wall teichoic 
acid-specific antibodies or composition comprising soluble form of 
whole WTA or fragment of WTA *- involving vector-mediated gene 
transfer and expression in host cell for use in recombinant vaccine 
preparation 

AUTHOR: KOKAI-KUN J F; KRISTIAN S A; WEIDENMAIER C; PESCHEL A 
PATENT ASSIGNEE: BIOSYNEXUS INC; FORDIS J B 2004 
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Pharmaceutical composition, useful for treating, preventing or inhibiting 
an infection or disease caused by a greim-positive organism, comprises a 

lipoteichoic acid, or an antibody that binds to a lipoteichoic 
acid - lipoteichoic acid and antibody for use in disease therapy 
and gene therapy 

AUTHOR: DRABICK J J 

PATENT ASSIGNEE: DRABICK J J 2003 

PATENT NUMBER: US £11 030157133 ^ PATENT DATE: 20030821 WPI ACCESSION NO.: 

. 2003-777975 (200373) 
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Monoclonal antibody with binding specificity for lipoteichoic acid, 
useful for the treatment of infection caused by gram-positive bacteria 
e.g. Staphylococcus aureus - for use in Staphylococcus 
epidermidis and Staphyococcus aureus infection diagnosis and 
therapy 

AUTHOR: STINSON J R; SCHUMAN R F; MOND J J; LEES A; FISCHER G W 
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PATENT NUMBER: WO 200359260 PATENT DATE: 20030724 WPI ACCESSION NO.: 
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Lipoteichoic acid immunogenic compositions and methods of making and 
using thereof 

Abstract : 

...The compositions comprise lipoteichoic acid from at least one 
gram-positive organism. Also disclosed are antibodies which 
specifically bind to lipoteichoic acid. . . 

Summary of the Invention: 

...0008] In group A streptococci and many other gram-positive 
bacteria, cell wall components include lipoteichoic acid (LTA) . Sihce 
the 1970*s LTA has been known to mediate the adherence of... 
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to Staphylococcus aureus but 
24 developed antibodies to the 
aureus that were demonstrable by 



04646280 PMID: 415094 

Staphylococcus aureus bacteremia: relationship between formation of 
antibodies to teichoic acid and development of metastatic abscesses. 

Tuazon C U; Sheagren J N; Choa M S; Marcus D; Curtin J A 

Journal of infectious diseases (UNITED STATES) Jan 
p57-62, ISSN 0022-1899— Print Journal Code: 0413675 

Publishing Model Print 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

Subfile: AIM; INDEX MEDICUS 

Of 50 patients with bacteremia due 
without clinical evidence of endocarditis, 
cell wall teichoic acid of S. 

counterimmunoelectrophoresis . However, only 16 of the 24 patients developed 
titers of antibodies high enough for detection by passive gel 
diffusion. Eleven of the 16 patients developed evidence of complications 
due to metastatic infection. In contrast, of the 34 patients who were 
antibody -negative by gel diffusion, only one patient developed evidence 
of metastatic seeding. Thus, the development of antibodies to teichoic 
acid at a level detectable by the gel diffusion technique is regularly 
associated with complicated infections due to S. aureus that require more 
prolonged therapy, whereas bacteremic patients not developing such an 
antibody response rarely develop complications and may be treated with a 
two-week course of therapy- 
Tags: Female; Male 

Descriptors: *Abscess--complications — CO; * Antibodies , Bacterial 
--biosynthesis--BI ; *Septicemia--immunology--IM; * Staphylococcus aureus 
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Humans; Immunodiffusion; Middle Aged; Research Support, U.S. Gov't, P.H.S.; 
Septicemia — complications — CO; Septicemia--drug therapy — DT; Time Factors 
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ABSTRACT: Of 50 patients with bacteremia due to S. aureus but without 
clinical evidence of endocarditis, 24 developed antibodies to the cell 
wall teichoic acid of S. aureus that were demonstrable by 
counterimmunoelectrophoresis . Only 16 of the 24 patients developed titers 
of antibodies high enough for detection by passive gel diffusion. 
Eleven of the 16 patients developed evidence of complications due to 
metastatic infection. Of the 34 patients who were antibody -negative by 
gel diffusion, only 1 patient developed evidence of metastatic seeding. 
The development of antibodies to teichoic acid at a level detectable by 
the gel diffusion technique is regularly associated with complicated 
infections due to S. aureus that require more prolonged therapy, 
whereas bacteremic patients not developing such an antibody response 
rarely develop complications and may be treated with a 2-wk course of 
therapy. 
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Wall teichoic acid as a target for anti- staphylococcal therapies and 
vaccines 

Abstract : 

This invention provides vaccines comprising staphylococcal wall 
teichoic acid ( WTA ) ; vaccines comprising antibodies that 
specifically bind WTA ; staphylococcal organisms deficient in WTA ; 
and methods of treating patients suspected of having a staphylococcal 
infection. . . 
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Lipoteichoic acid immunogenic compositions and methods of making and 
using thereof 

Abstract : 

. . .The compositions comprise lipoteichoic acid from at least one 
gram-positive organism. Also disclosed are antibodies which 
specifically bind to lipoteichoic acid. . . 

Summary of the Invention: 

...0008] In group A streptococci and many other gram-positive 
bacteria, cell wall components include lipoteichoic acid (LTA) . Since 
the 1970*s LTA has been known to mediate the adherence of... 
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Diagnostic and therapeutic significance of staphylococcal teichoic 
acid antibodies . 
White A; Wheat L J; Kohler R B 
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Alpha- or beta-acetylglucosamine are major antigen determinants of 
ribitol teichoic acids of the cell walls of coagulase-positive 

staphylococci . Teichoic acid antibodies have been detected by 
quantitative immunoprecipitation methods, agar-gel diffusion, 

counterimmunoelectrophoresis, crossed Immunoelectrophoresis, radioimmunoass 
ay and enzyme-linked immunosorbent assay. Almost all adults have detectable 

antibodies if a sufficiently sensitive method is used. Elevated 
concentrations of teichoic acid antibodies result from a recent 

staphylococcal disease such as endocarditis, bacteremia with metastatic 
foci of abscesses in which drainage and/or antibiotic therapy is delayed, 
but increases in teichoic acid antibodies are infrequent in transient 

staphylococcal bacteremia such as from infected intravascular cannulae or 
abscesses in patients who are treated early. Detection of high 
concentrations of teichoic acid antibodies may allow a specific 
bacteriological diagnosis earlier than cultures, when cultures are negative 
as in partially treated endocarditis, and when cultures are difficult to 
obtain or evaluate such as deep seated abscesses, drainage from 
osteomyelitis or pneumonias. In addition, elevated concentrations of 
teichoic acid antibodies in patients with staphylococcal bacteremia are 
strong presumptive evidence for endocarditis, metastatic foci, or 
abscesses . 
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IgM and IgG antibody response to teichoic acid in infections due 

to Staphylococcus aureus . 
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Opsonic monoclonal and chimeric antibodies specific for lipoteichoic 
acid of Gram positive bacteria 

Abstract: 

The present invention encompasses monoclonal antibodies that bind 
to lipoteichoic acid (LTA) of Gram positive bacteria. The antibodies 
also bind to whole bacteria and enhance phagocytosis and killing of the 
bacteria in vitro. The invention also provides antibodies having human 
sequences (chimeric, humanized and human antibodies ) . The invention 
also sets forth the variable regions of three antibodies within the 
invention and presents the striking homology between them. . . 
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S. epidermidis is considered an important cause of nosocomial 
bacteraernia in immunocompromized hosts as well as the commonest agent of 
sepsis in patients with prosthetic devices. Pathogenesis is attributed to 
adherence and growth on bioniaterials facilitated by production of 
extracellular slime. The major macromolecules of slime are: a 20-kDa acidic 
polysaccharide (20-kDa PS) comprising the 60% of carbohydrate-containing 
slime macromolecules, a peptidoglycan with average molecular size of 80-kDa 
(30% of slime dry weight) and cell wall teichoic acid-like substance. 
In this study, antibodies to these macromolecules as well as crude slime 
were raised in rabbits and their immunological reactivity and specificity 
were studied by an enzyme immunoassay. All isolated macromolecules induced 
the production of specific antibodies . 20-kDa PS was less immunogenic 
than 80-kDa peptidoglycan and teichoic acid-like substance. However, 20-kDa 
PS was the most potent inhibitor of the reaction of slime with its 
homologous antibodies revealing that this polysaccharide is the major 
antigenic determinant of slime. All three antibodies specifically 
recognize (p < 0.05) and react with slime-producing S. epidermidis in 
comparison to other staphylococci species. Obtained results indicate that 
the 20-kDa PS may be distributed in the surface of the slime exposing most 
of its antigenic determinants to the immune system, whereas those of 80-kDa 
peptidoglycan and teichoic acid-like substance seem to be less accessible. 
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Determination of cell wall teicHoic acid structure of staphylococci 
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Investigations of cell wall teichoic acid structures of various 

staphylococci were carried out by a rapid method based on the gas-liquid 
chromatographic separation of products obtained after treatment of 
phenol-extracted cells with 70% hydrofluoric acid. In most of the strains 
teichoic acids of the poly (glycerolphosphate) and/or 

poly (ribitol-phosphate) type were found. Teichoic acids of the 
poly (glycerolphosphate-N-acetylglucosaminephosphate) type and polymers 
consisting of N-acetylglucosaminephosphate were present in few strains. The 
results obtained by the rapid chemical screening method were compared with 
data obtained by serological analysis of teichoic acid structures using 
specific antisera and the lectin wheat germ agglutinin. Teichoic acid 
components occurring in low concentrations could only be detected with the 
chemical and not with the serological method. A number of strains of 
species of the genus Staphylococcus have been studied using these rapid 
methods. With a few exceptions, the teichoic acid structure proved to be a 
constant marker within a given species. 
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To analyse which rheumatic syndromes are associated with serological 
evidence of recent Staphylococcus aureus infection, we studied 

retrospectively 44 adult patients, gathered between 1979-1990, having an 
acute arthritis syndrome or an exacerbation in their chronic rheumatic 
disease and simultaneously a high antistaphylolysin (ASTA > 4,0) and/or 
high teichoic acid antibody titre (TAA -> 8) . Patients with septic 
arthritis or endoprosthetic infections were not included. 25 patients had 
arthrit is/arthralgia associated with a known rheumatic disease, 9 patients 
had reactive arthritis and 8 patients had arthralgia. The frequency of 
HLA-B27 in tested patients was significantly higher in the whole patient 
group than in the healthy Finnish population (43% v 14%, p < 0.001). It is 
concluded that high ASTA and/or TAA titres are associated with various 
acute rheumatic syndromes including reactive arthritis. 
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A cell wall component that bound to HeLa cells (HeLa cell-binding CWC) 
was isolated from a clinical isolate of Staphylococcus aureus . The HeLa 
cell-binding CWC was resistant to heat (100 C, 1 hr) and proteases, did not 
stain with Coomassie Brilliant Blue R-250 on SDS-PAGE but stained as a 
broad band with antiserum against the strain on Western blots. These data 
suggest that the HeLa cell-binding CWC is not a protein, and may be 
teichoic acid. Purified teichoic acid bound to HeLa cells, whereas 
fractions without teichoic acid did not. In Western blots, HeLa 
cell-binding CWC appeared as a broad band of less than 35 kDa, similar to 
that of purified teichoic acid. These data suggest that the HeLa 
cell-binding CWC obtained in this study is teichoic acid. Teichoic acid 
inhibited S. aureus adherence to HeLa cells and bound to the cells time 
and dose dependently, in a saturable and reversib le manner 
appears to be an adhesin of S aureus — to--n'eVarceirs'. 
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A commercially available agar gel diffusion (AGD) assay was used to 
investigate the teichoic acid antibody (TAA) response in 183 patients 
with proven Staphylococcus aureus (SA) infections. Two control groups 
were also investigated. One consisted of 100 hospitalized patients with a 
variety of medical and surgical conditions other than SA infection and the 
other consisted of 116 healthy hospital staff members. The sensitivity of 
the AGD assay varied markedly depending on the site of infection in the 
patients with proven SA infections. All patients with SA endocarditis 
developed positive TAA titres (greater than or equal to 1:4), although more 
than one third of these were initially negative. In patients with chronic 
osteomyelitis or septic arthritis, 41% had positive TAA titres, whereas no 
positive titres were detected in patients with acute osteomyelitis or 
septic arthritis. Lower rates of positive TAA titres were found in patients 
with deep abscesses (27%), pneumonia (14%) and post-operative infections 
(9%), but no positive titres occurred in patients with acute uncomplicated 
bacteremia, cellulitis or meningitis. In 100 hospitalized control patients, 
no positive titres were detected, and only 1 of 116 (0.9%) healthy hospital 
staff controls was positive. Suggested guidelines for the use of the AGD 
assay are discussed. 
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Anti-peptidoglycan (PG) and anti-teichoic acid (TA) antibodies were 
prepared from sera of rabbits immunized with the cell wall fraction of 
Staphylococcus aureus Cowan I by the specific adsorption technique with 
purified teichoic acid or peptidoglycan. The anti-PG antibody recognized 
the trichloroacetic acid-treated walls (TCA wall) prepared from S. aureus 
, Bacillus subtilis, and Micrococcus luteus but did not react with teichoic 
acid or proteins extracted' from the cell wall of Staphylococcus . The 
anti-TA antibody specifically reacted with cell wall teichoic acid of 
beta-type sugar configuration. The reaction sites of these antibodies on 
the cell wall of S. aureus Wood 4 6 were determined by immunoelectron 
microscopy using colloidal gold as a probe. The anti-TA antibody reacted 
mostly with the fibrous electron-dense mass on the cell surface. The 
reaction was also seen on the inner surface of the cell wall. The anti-PG 
antibody reacted with the fibrous structures and also directly on the 
cell wall surface. The distribution of the probes on the cell wall surface 
examined with the scanning electron microscope showed that there was no 
localized distribution in respect to the cell division. We knew from these 
observations that the external surface of the cell wall of Staphylococcus 
is covered with the fibrous mass which consists mostly of teichoic acid but 
partially of peptidoglycan. 
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acid, peptidoglycan) and enterotoxin B on immunoglobulin (IgE, IgA , 
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The influence of staphylococcal cell wall products ( teichoic acid, 
peptidoglycan) and enterotoxin B on peripheral blood lymphocytes (PBL) from 
patients with atopic dermatitis (AD) was investigated. The parameters 
studied were spontaneous and interleukin-inducible immunoglobulin ( IgA , 
IgE, IgG ) synthesis and CD23 expression. PBL from non-atopic donors 
served as controls. Teichoic acid and peptidoglycan induced an enhanced 
synthesis of IgA and IgG in normal donors. However, IgA and IgG 
synthesis in PBL from patients with AD was significantly suppressed by 
teichoic acid and enterotoxin B. The incubation of PBL from normal donors 
with enterotoxin B and interleukin-4 (IL-4) or IL-5 led to a significant 
suppression - of IgA and IgG synthesis. Co-stimulation of PBL with 
teichoic acid or peptidoglycan and IL-4 led to a pronounced increase in IgE 
synthesis and CD23 expression in patients with AD. Our data indicate that 
cell wall products and toxins of staphylococci modulate the 
cytokine-dependent humoral immunity in patients with AD and may be 
responsible for allergic skin reactions in AD. 
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aureus infections and 151 patients who did not have a history of serious 
staphylococcal infections. The latter who were treated for other diseases 
served as controls. Various levels of teichoic acid antibodies below 
1:3,200 were detected in controls while significantly higher levels were 
seen in patients with Staphylococcus aureus infectionis. 
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Preparation of a latex reagent for the detection of anti- Staphylococcus 
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Purified S. aureus ribitol teichoic acid was covalently bound to 
carboxylated latex particles. The immunological properties of the 
polysaccharide antigen were preserved. The reagent obtained was used for 
the quantification of anti-ribitol teichoic acid antibodies by means of a 
direct and rapid agglutination test carried out on a slide. There was good 
correlation between the preliminary results of this test and those obtained 
with counter-immunoelectrophoresis (CIE) . The method is faster and more 
sensitive than CIE. 
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Teichonsaure-Antikorper-Assay bei Infektionen des Knochens und der 
Gelenke durch Staphylococcus aureus . 
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For detecting antibodies against the teichoic acids of Staphylococcus 
aureus (SA) , a commercially available Ouchterlony double-diffusion 
procedure kit was chosen. Thirteen of 26 patients with chronic SA 
osteomyelitis, 2 of 2 with SA spondylitis and 5 of 6 with arthritis had a 
positive assay (58%) in contrast to 8 of 24 patients of the control groups 
(33%) . High titers correlated well with the extent and duration of antigen 
presentation in. the bloodstream for cells of representing the specific 
immunity. Localized infections with minor antigenemia elicited a detectable 
but weak antibody response. 
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Study of Staphylococcus aureus teichoic acid immunodominant site by 
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The beta ribitol teichoic acid was extracted and purified from 
Staphylococcus aureus strain Wood 4 6 and chemically and immunologically 
characterised. Rabbit antiserum was prepared against formalin killed 
Staphylococcus aureus cells. Liquid phase immunoprecipitation of the 

beta ribitol teichoic acid-anti- Staphylococcus aureus serum system was 
studied by laser nephelometry . Various mono- and disaccharides 
(N^acetyl-glucosamine-ribitol with alpha- or beta-linkage and 
N-acetyl-glucosamine-ribitol-phosphate with beta-linkage) were prepared by 
organic synthesis, reproducing part of the ribitol teichoic acid molecule. 
Inhibition by those mono- or disaccharides of the precipitatiQ n_0-f— the- 
beta-ribitol teichoic Ar-jLTi^ — Staphylacoccus aureus antibodies system 



was studied quantitatively by determining inhibitory ratio of each 
inhibitor.- Glucose, ribitol and glucosamine were weak inhibitors whereas 
N-acetyl-glucosamine was a better one, stronger than disaccharide with an 
alpha-linkage. The beta linked disaccharide and beta-methyl-N-acetyl-glucos 
amine gave comparable inhibition and both compounds were effective 
inhibitors. The most potent inhibitor was phosphorylated beta-linked 
disaccharide which inhibited 25% more than the same disaccharide without 
phosphorus. Thus, the function of phosphorus in Staphylococcus aureus 
beta ribitol teichoic acid recognition by antibodies was demonstrated. 
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The titers of antibodies to S. aureus cell- wall teichoic acids 

have been determined in 97 orthopedic and traumatic patients with purulent 
diseases, differing by the activity of the process, by means of the enzyme 
immunoassay. These antibodies appeared in the patients' blood in active 
osteomyelitic process of staphylococcal etiology. 
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Corneal antibody levels to ribitol teichoic acid in rabbits 
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Although Staphylococcus aureus is an important cause of infectious 

diseases of the eye and hypersensitivity lesions of the cornea, little is 
known about ocular immunity to this pathogen. Using an enzyme-linked 
immunosorbent assay, we measured antibody titers to ribitol teichoic 
acid, the major antigenic determinant of S. aureus , in corneas as well as 
serum and tears after immunizing rabbits using the following routes: 
intradermal injection of cell wall mixed with complete Freund's adjuvant, 
subconjunctival injection of cell wall mixed with complete Freund's 
adjuvant, topical application of cell wall to the eye or topical 
application of viable S. aureus to the eye. IgG titers to ribitol 
teichoic acid were found consistently in corneas after intradermal and 
subconjunctival immunization with cell wall and topical immunization with 
viable S. aureus . After intradermal immunization with cell wall, IgG 
titers in cornea were higher than tears but lower than serum, which was 
presumably the source of the IgG antibodies for the cornea. After 
subconjunctival immunization with cell wall or topical immunization with 
viable S. aureus , IgG titers in corneas were higher than tears and 
generally higher than serum, suggesting that the ocular tissues were a 
local source of IgG . On the other hand, IgA titers to ribitol teichoic 
acid were found in tears but not in serum and were found only occasionally 
in corneas, suggesting that IgG responses to staphylococcal antigens 
may be more important than IgA responses in the cornea. The results of 
this study suggest that corneal antibodies to ribitol teichoic acid may 
be influenced by exposure to staphylococcal antigens not only in the 
external eye but also at sites remote from the eye. 
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An enzyme-linked immunosorbent assay was used to evaluate the 
immunoglobulin G ( IgG ) response to Staphylococcus aureus crude 

teichoic acid (TA) and peptidoglycan (PG) in both rabbits and patients with 
osteomyelitis. In rabbits with experimental S. aureus osteomyelitis, 
elevated levels of IgG to TA were present in 13/18 (72%) of the serum 
samples obtained at 4 and 10 weeks postinfection. In contrast, only 5/18 
(28%) of these sera were found to be positive for antibodies to PG. Of a 
total of 39 patients with confirmed S. aureus osteomyelitis (11 acute, 28 
chronic), IgG to TA was elevated in 17 (44%), whereas antibodies to PG 
were found to be increased in only 1 (3%) . Cross-reacting antibodies to 
S. aureus TA were detected in only 1/18 (6%) of the patients with 
osteomyelitis caused by organisms other than S. aureus . These studies 
indicate that IgG to TA is more prevalent than IgG to PG in patients 
with staphylococcal osteomyelitis. Although these results are 
encouraging, a larger number of patients is required for an adequate 
evaluation of the TA enzyme-linked immunosorbent assay for the diagnosis 
and management of suspected S. aureus osteomyelitis. 
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Enzyme-linked immunosorbent assay (ELISA) was used for IgG antibody 
determination to teichoic acid and alpha-toxin from Staphylococc us 
aureus in 65 patients wi th cystic fibres Ls—JUZE^^^^-^-^attri^rjAs^c^^ 
_£Gioni.zed — — ^aureus , • elevated titres to teichoic acid were found in 



13/35 (37%) patients, to alpha-toxin in 12/35 (34%) and to either antigen 
in 18/35 (51%) . Patients with elevated titres to teichoic acid had a 
significantly lower X-ray score than patients with normal titres. The 
highest titres against both teichoic acid and alpha-toxin were seen in 
patients not receiving optimal treatment. These findings suggest that 

staphylococci contribute to the tissue damage in CF and that the 
determination of antibodies especially to staphylococcal teichoic acid 
might be of value in the diagnosis and management of staphylococcal 

infections in patients with CF. 
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Enzyme-linked immunosorbent assay for detection of immunoglobulin G and 
M antibodies to teichoic acid in intravascular staphylococcal 
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An enzyme-linked immunosorbent assay (ELISA) for detection of IgG and 
IgM antibodies to cell- wall teichoic acids of Staphylococcus 
aureus and three defined coagulase-negative staphylococci was tested 

using serum samples from 11 cases of intravascular coagulase-negative 
staphylococcal infections, 13 cases of Staphylococcus aureus 
endocarditis, and 24 patients with no evidence of infection. IgG 
antibody titers to all four teichoic acids in the 13 patients with 
Staphylococcus aureus endocarditis were significantly different from 

those in noninfected control patients (p less than 0.0001). In contrast, 
IgG antibody titers in serum from 11 cases of intravascular 

coagulase-negative staphylococcal infection were not significantly 

different from those in control sera. There were no differences in IgM 
antibody titers of the three groups. Although the ELISA was sensitive in 

detecting Staphylococcus aureus endocarditis, it was not reliable in 

the detection of intravascular coagulase-negative staphylococcal 
infections, even when tested with specific teichoic acid. 
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Ontogeny of IgG2 antibodies against S. aureus teichoic acid in 
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Anti-teichoic acid antibodies of various subclasses were found to be 
effectively transported across the placenta during pregnancy. In adults 
these antibodies are mainly of the IgG2 subclass although substantial 
amounts of specific IgGl antibodies may also be found. During ontogeny, 
specific IgGl antibodies develop during the second year of life whereas 
specific IgG2 antibodies appear markedly later. In IgG2 deficient 
children, prolonged deficiency of specific anti-teichoic acid antibodies 
was observed, suggesting a lack of maturation of the appropriate 
idiotype(s). In children who received a bone marrow transplant from adult 
donors, engraftment of IgG2 producing cells could be seen, thus 
transferring the ability to produce specific antibodies . 
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The presence of serum antibodies to teichoic acid was evaluated by gel 
diffusion and enzyme-linked immunosorbent assay in 14 patients with 
deep-seated staphylococcal infection, in 5 patients with superficial 

staphylococcal infections, in 10 patients with Gram-positive infections 
other than staphylococcal and in 12 age-matched, uninfected patients. 
Serum samples were obtained on admission and serially each week during 
hospitalization. Teichoic acid antibodies were detected by gel diffusion 
in only 5 of 14 patients with deep-seated staphylococcal infections, in 1 
of 10 patients with other Gram-positive infections and in none of the other 
patients. With the enzyme-linked immunosorbent assay method all patients 
with deep-seated staphylococcal infections had concentrations of teichoic 
acid antibodies of 1:1600 or greater, and these titers were significantly 
larger than those in the other groups of patients. Using a titer of 1:3200 
or greater as a diagnostic level in children with deep-seated 

Staphylococcus aureus infections, the sensitivity was 93% and the 

specificity was 89%. For all staphylococcal infections the sensitivity 
was 79% and the specificity was 96%. 
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Ribitol-teichoic acid antibodies were measured by a new enzyme-linked 
immunosorbent assay (ELISA) and by counterimmunoelectrophoresis in serum 
samples from 47 patients with serious Staphylococcus aureus infections, 
63 infected patients, and 177 healthy controls. The same antigen was used 

for both tests. The group of patient s with S. aure us endoca^-dd-t-rs— ("6^ 

patients) had s Ia.ni.fi-ca4i4=^y — hxgh'eT~"ELTSA readings than the patients with 



other deep-seated infections (26 patients) or with an uncomplicated S. 

aureus bacteremia (15 patients) . The patients with other serious 
gram-positive (40 patients) or gram-negative (23 patients) infections did 
not differ from the healthy control group. There were only three (7.5%) 
low-level cross-reactions among the infections caused by gram-positive 
organisms other than S. aureus . Of 4 6 initially ribitol-teichoic acid 

antibody -negative patients followed up for 2 weeks or more, only those 
developing a serious S. aureus infection showed a significant rise of the 
ELISA reading. There was a good correlation between ELISA and 
counterimmunoelectrophoresis . Both tests could be useful in the diagnosis 
and the management of complicated S. aureus infections. The ELISA method 
is, however, more sensitive and usually reflects the antibody rise after 
an infection earlier than does counterimmunoelectrophoresis. 
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Commercially available (ENDO- STAPH ) assay for teichoic acid 
antibodies . Evaluation in patients with serious Staphylococcus aureus 
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We have evaluated the clinical usefulness of a commercially available 
teichoic acid antibody assay (ENDO- STAPH ) . Teichoic acid antibody 
titers up to a 1:2 serum dilution were observed in 20% of normal subjects, 
thus, titers of 1:4 or more were considered positive. Of patients with 

Staphylococcus aureus infections, 16 of 23 with endocarditis, 12 of 20 
with complicated bacteremia, three of 17 with uncomplicated bacteremia, and 
ten of 20 with nonbacteremic infections had positive titers. Only four of 
70 controls had positive titers. Results agreed with those using our 
standard assay in 130 of 151 specimens. Results were reproducibly positive 
or negative in 17 of 18 specimens that were retested. Results were also 
reproducible in ten specimens retested using a different lot of 
standardized antigen. The ENDO- STAPH assay should broaden the clinical 
applications of assays for TAA. 
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Occurrence of antibodies to teichoic acid in patients with diseases 
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To determine the usefulness of the teichoic acid antibody (TAA) test in 
conditions where unspecific viral and bacterial antibodies are often 

encountered, we measured TAA by the gel-diffusion method in 475 patients 
without known staphylococcal disease; they included 213 patients with 
arthritis, 108 with liver diseases, 100 with gastro-intestinal disorders 
and 54 with acute pharyngitis. Positive controls were 104 patients with 

Staphylococcus aureus bacteraemia and 203 healthy adults were negative 
controls. Thirteen (6%) of the healthy adults had positive TAA titres 
(greater than or equal to 4), and the highest titre was 8 in two people 
(1%). Positive titres were found in 38% of patients with S. aureus 
bacteraemia and high titres (greater than or equal to 8) were seen in 24%, 
Among the patients with arthritis, positive TAA titres were found 
significantly more often than in healthy controls in patients with Yersinia 
arthritis (p less than 0.01) and systemic lupus erythematosus (SLE; p less 
than 0,02). In other patient groups, the percentage of positive TAA titres 
did not differ significantly from that in healthy adults. Eight (2%) of the 
475 patients without known staphylococcal infection had TAA titres 
greater than or equal to 8 but these high titres were not associated with 
any particular disease group. Only two of these eight patients had slightly 
raised antibody to staphylococcal alpha-haemolysin . We conclude that 
the TAA test cannot be used as a reliable indicator of septic 

staphylococcal disease in patients with Yersinia arthritis or SLE, but 
that in general, TAA titres greater than or equal to 8 point strongly to S. 

aureus infection even in patients with autoimmune or liver diseases. 
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protein derivative or protein A, bacterial components suppressed lymphocyte, 
proliferation. Peptidoglycans solubilized by lysozyme activated B 
lymphocytes but not T cells. Solubilization had no effect on the 
immunomodulating capacity.. 
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Optimal antibiotic therapy for patients with Staphylococcus aureus 
bacteremia remains controversial. The results of two serologic tests, 
teichoic acid antibody and circulating immune complexes, have shown 
promise in detecting patients who have serious bacteremia (sustained 
bacteremia with endocarditis or metastatic abscess) and require longer, 
more intensive treatment. These tests were performed on serial samples from 
38 patients with staphylococcal bacteremia prospectively categorized by 
severity of infection and by risk factors associated with serious disease 
(sustained bacteremia, valvular heart disease, absence of focus of 
infection, metastatic abscess) . A surprisingly large group of these 
patients (20, or 53 percent) could not be prospectively defined as having 
"serious" or "benign" bacteremia. Neither test differentiated patients with 
serious bacteremia from those with benign bacteremia. Although it is 
possible that additional significant associations with risk factors might 
have been obtained with the teichoic acid antibody test had more patients 
been included, positive tests were found more frequently only in patients 
in whom metastatic abscesses developed. The teichoic acid antibody test 
was found to be a sensitive, but not specific, indicator of serious 
staphylococcal disease and was of value in excluding serious infection 
only when a negative results was supported by clinical evidence for benign 
disease. Other than this use, neither assay was helpful in determining 
optimal therapy of staphylococcal bacteremia. 
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ABSTRACT: The sensitivity of the enzyme immunoassay on the basis of 

polysaccharide-containing preparations was found to be lower than that of 
the assay on the basis of teichoic acids. The specificity of both assays 
was 100%. There was no complete coincidence between the results of the 
detection of antibodies to these two antigens in patients' sera. 
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ABSTRACT : 4-0- (2-acetamido-"2-deoxy- .alpha . -D-glucopyranosyl ) -D-ribotol has 
been synthesized from properly protected ribitol and the dimeric 
tri-0-acetyl-2-deoxy-2 nitroso- . alpha . -D-glucopyranosyl chloride. After 
deprotection, the title disaccharide was tested as an inhibitor of the 
precipitation of the immune complexes constituted by staphylococcal 
.alpha, and .beta, ribitol teichoic acids and the ir specific antibodie s- 
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We have studied the occurrence and specificity of teichoic acid 
antibodies (TAAs), measured by double diffusion in agar, in 114 patients 
with bacteremia of whom 47 had coagulase-positive staphylococcal 
bacteremia. A total of 30% of the 47 patients with coagulase-positive 
staphylococcal bacteremia had a TAA titer of 1:8 or more, and an 
additional 30% had a titer of 1:2 or 1:4. High TAA titers were most often 
connected with coagulase-positive staphylococcal endocarditis, 

osteomyelitis, and deep wound infections. None of the six 
coagulase-negative patients with staphylococcal bacteremia nor any of the 
92 controls had titers exceeding 1:1. A total of 10% of the other patients 
with bacteremia showed positive results on the TAA test at low titer 
levels. Compared to the antistaphylolysin value, the TAA test was about 
equally specific but more sensitive. 
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Twenty-six strains of Staphylococcus aureus obtained from patients 
with endocarditis were studied for the production of alpha- and/or 
beta-ribitol teichoic acid (TA) , using highly specific anti-TA antibodies 
prepared in rabbits. A counterimmunoelectrophoretic assay was used. Beta-TA 
was the predominant residue produced by all strains; alpha-TA was found in 
all strains, but in smaller amounts and with much strain-to-strain 
variations. Antibodies in patients* sera were found against beta-TA in 
higher titers and for longer periods than were anti-alpha-TA antibodies . 
Antibodies against one or both TA residues were present in all but one of 
26 patients. 
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Counterimmunoelectrophoresis and gel diffusion were utilized for the 
detection and titration of antibodies to staphylococcal teichoic acids 
in various disease states caused by coagulase-positive staphylococcus in 
infants and children. Serum samples were obtained oh admission and serially 
for 2 to 12 weeks during illness. Teichoic acid antibodies were found by 
CIE in 12 of 21 patients (57%) with invasive CPS disease with bacteremia 
(Group A), in two of 17 patients (12%) with CPS infection without 
bacteremia (Group B) , in none of 27 patients with bacteremia and/or 
invasive infections caused by organisms other than CPS (Group C) , and iii 
none of 24 noninfected, hospitalized patients or healthy children (Group 
D) . Gel diffusion was useful for titrating antibodies in seropositive 
sera. Teichoic acid serology is a useful adjunct in the diagnosis of 
invasive CPS infections. The presence of these antibodies by CIE and gel 
diffusion may help to identify patients with endothelial or metastatic 
infections associated with staphylococcal bacteremia. 
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aureus infections. These seven patients all had either prolonged, 
untreated staphylococcal bacteremia or a primary site of infection which 
was not promptly eradicated. Six of these seven patients responded to four 
weeks or less of antimicrobial therapy without developing any 
complications. The development of high titers of teichoic acid antibodies 
during the course of S aureus bacteremia could not be reliably used to 
determine the appropriate duration of antistaphylococcal treatment. 
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A patient with Staphylococcus aureus bacteremia associated with an 
infected intravenous catheter was treated with oxacillin for two weeks. 
During that period all blood cultures were sterile, he rapidly became 
afebrile, and there were no signs of endocarditis or metastatic abscesses. 
However, serum antibodies against staphylococcal teichoic acid, 
initially undetectable by the agar gel immunodiffusion technic, became 
positive during the second week of treatment. Three weeks after discharge, 
the patient was readmitted to the hospital because of back pain and 
weakness in the lower extremities. Vertebral osteomyelitis and a spinal 
epidural abscess caused by Staph . aureus of the same phage type as the 
bacteremic isolate were demonstrated. This case illustrates the importance 
of careful follow-up of patients with Staph . aureus bacteremia and the 
potential value of serial measurement of teichoic acid antibodies in 
detecting clinically inapparent complications of infection. 
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Teichoic acid antibodies were measured in serum using counter 
Immunoelectrophoresis and immunodiffusion technics with a partially 
purified antigen. Immunodiffusion titers of greather than or equal to 1:4 
were obtained in 15/16 patients with S aureus endocarditis but in only 
two of 122 noninfected individuals and in no patients with endocarditis 
caused by other gram-positive bacteria. Thes e same eleva .t^.^ t i .t^jr-<z—r^^ 
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We investigated the biochemical and immunological characteristics of 
teichoic acid preparations (TAP) obtained from four unencapsulated strains 
of Staphylococcus aureus which nonetheless, according to the serum-soft 
agar technique, produced capsular type antigen and were representative of 
the four types A, B, C, and D. In the agar diffusion test, TAP of each 
strain produced a single precipitin line only against rabbit antisera 
corresponding to the homologous capsular type; no lines were observed 
against antisera to the heterologous capsular type. All TAP were ribitol 
type except one; glycerol, prepared from a capsular type D strain. Major 
acetylglucosaminyl residues of TAP from strains having capsular type A and 
C antigens were attached to the polyribitol phosphate by beta-linkage, 
whereas TAP from a type B antigen strain had an alpha-linkage; type D 
antigen was attached to the polyglycerol phosphate by the beta-linkage. 
Chemical analyses and infrared spectrograms of these TAP further confirmed 
their heterogeneous nature. 
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